Introduction
============

Despite the advent of combination antiretroviral therapy (cART), about 1.5 million people die from human immunodeficiency virus (HIV) annually ([@B1]). By 2014, about 28,000 Iranians were identified to have HIV infection of whom 3300 (12.63%) lived in Kermanshah Province, west of Iran ([@B2]). Based on the WHO clinical classification system, HIV-infected patients are classified into four clinical stages from stage 1 (asymptomatic) to stage 4 (acquired immunodeficiency syndrome, AIDS) ([@B3]). The main feature of stage 4 HIV infection is severe opportunistic infections such as pneumocystosis, cryptococcosis, and candidacies ([@B4]).

*Pneumocystis jirovecii* pneumonia (PJP) is a respiratory disease caused by a yeast-like fungus. Five species of *Pneumocystis* have been identified: *P. carinii* and *P. wakefieldiae* in rats, *P. jirovecii* in humans, *P. murina* in mice, and *P. oryctolagi* in rabbits ([@B5]). PJP usually occurs in individuals with compromised immune systems such as malnourished infants, patients receiving drugs for organ transplantation, cancer patients undergoing chemotherapy, or HIV/AIDS patients. The disease is also rarely found in normal people ([@B6]).

The first clinical cases of PJP were documented during the Second World War in Europe in 1942 ([@B7]). The first PJP infected case in Iran was identified in an orphanage and confirmed by autopsy in 1964 ([@B8]). These studies were continued by Kohout et al in Shiraz, Iran. They compared the immunoglobulin levels in PJP and non- PJP patients from 1966 to 1968 ([@B9]). However, *Pneumocystis* pneumonia is still a rare disease. The first case of this disease in Kermanshah Province was reported in a patient with HIV infection in 2003. The patient died several weeks after *Pneumocystis* was diagnosed and treated ([@B10]).

Since clinical signs are not specific for a diagnosis of PJP, clinicians should be aware of this co-infection in the differential diagnosis of HIV opportunistic infections. Any delay in diagnosis and treatment may result in longer hospitalization and increased morbidity and mortality. Although many studies have evaluated the prevalence of the HIV infection in Iran, few data are available about opportunistic infections such as *P. jirovecii* in HIV patients. The primary aim of this study was to determine the prevalence of *P. jirovecii* in patients with stage 4 HIV infection in Kermanshah, Iran.

Materials and Methods
=====================

The study protocol was approved by the Ethics Committee of Kermanshah University of Medical Science and ethical clearance was obtained.

The medical records of all HIV-infected patients diagnosed with WHO stage 4 conditions admitted to *Behavioral Counseling Center of Kermanshah*, Iran, from Mar 1995 to Feb 2016 were retrospectively reviewed. Behavioral Diseases Counseling Center has a free-of-charge care center to provide medical care, counseling, and drugs for HIV-infected patients and injection drug users. Data collected from the patients' medical records included *P. jirovecii* infection, demographic characteristics, treatment regimen, diagnostic methods, presenting signs and symptoms, presence of copathogens (bacteria, viruses, or fungi), and nadir of CD4 T-cell count before and after treatment. In addition, the body mass index (BMI) was calculated by dividing body weight (in kilograms) by the square of height (in meters). Statistical analysis was performed using SPSS 13 (ver. 13.5; Inc, Chicago, IL, USA).

Results
=======

During the study period, 114 HIV-infected patients with WHO clinical stage 4 conditions were admitted to Behavioral Counseling Center of Kermanshah, Iran, of whom 93 (81.6%) were male and 21 (18.4%) were female.

Twenty-six HIV patients were diagnosed with PJP infection. The median age of the patients was 42.69 yr (range: 14 yr to 69 yr) and the male/female ratio was 4.2 (21/5). Cough, sputum, and chest pain (19; 73%) followed by dyspnea, weakness, and lethargy (7; 27%) were the most common presentations of fungal pneumonia.

A BMI of 18.5 to 24.9 is considered healthy, while a value below 18.5 indicates malnutrition. The BMI range of the patients was 12.1 to 24.4 (mean: 20.40) and only four patients had a BMI below 18.5.

All 26 colonized patients had CD4 cell counts below 200 cells/mm3 (mean± SD: 91.81± 39.76, range: 9--186) (normal range=500--1200 cells/mm3). All of the patients received trimethoprim-sulfamethoxazole (co-trimoxazole) as the first-choice treatment and no side effects were reported. Except for two cases (9%), the CD4+ T-cell count increased in HIV patients with *P. jirovecii* infection after the initiation of co-trimoxazole therapy (mean± SD: 263.58± 12.70, range: 60--500). Regarding concomitant co-existing infections, 12 patients did not have any co-infections, 7 patients had a combination of various infections including TB, toxoplasmosis, retinitis, hepatitis C, etc. TB and toxoplasmosis alone were detected in 7 (33.3%) and 2 (16.6%) cases, respectively ([Fig. 1](#F1){ref-type="fig"}). A diagnosis of PJP was made by microbiological staining of bronchoalveolar lavage (BAL) specimens in one (3.86%) patient, High Resolution Computed Tomography (HRCT) in 8 (30.76%) patients, and chest radiology in 17 (65.38%) cases.

![Nadir of CD4 T-cell count before and after treatment in stage 4 HIV-positive patients with *Pneumocystis jirovecii*](IJPH-48-2065-g001){#F1}

Discussion
==========

Opportunistic infections (OIs) are one of the identified causes of increased immunodeficiency in patients with HIV ([@B11]). There are many reports on the co-infection of *P. jirovecii* with other pathogens such as bacteria, fungi, or protozoa in patients infected with HIV/AIDS. The results of the current retrospective study showed that more immunocompromised patients with PJP had TB infection, which was similar to a recent study in Iran ([@B12]). CD4^+^ T cells and MHC class II molecules that induce CD4^+^ T cell responses are critical for control of Mycobacterium tuberculosis infection. Therefore, TB infection is both the most common AIDS-indicator disease and has an immunosuppressive effect. Hence, when one opportunistic infection is diagnosed in an HIV infected patient, the physician should suspect other co-infections that are common in HIV/AIDS patients.

The prevalence of PJP infection in HIV infected patients (stage 4) was 22.8%, which was similar to a previous study in India ([@B13]). However, lower than studies conducted in Brazil ([@B14]), Ahvaz, Iran ([@B12]) and Tehran, Iran, ([@B15]) in which the prevalence of PJP ranged from 27% to 40% depending on the study population and diagnostic technique. However, many investigations has shown higher sensitivity of PCR-based assays compared to direct examination because it allows detection of low levels of microorganisms in the sample ([@B16],[@B17]).

In the current study, although the odds of PJP infection were 4 times as high in men infected with HIV/AIDS than women, this variable had no significant effect on the development of this disease (*P*=0.904). These findings are similar to the results of a recent study in Pakistan ([@B18]) but they are inconsistent with the results of a review study indicating that the acquisition of PJP is related to gender, race or ethnicity, and HIV co-infection ([@B19]).

In our study, all patients had CD4 cell counts below 200 cells/mm^3^ (range: 9--186). The most significant risk factor for the development of PJP in HIV/AIDS infected patients is low lymphocyte counts, which is consistent with the results of previous studies ([@B20], [@B21]).

Regarding PJP treatment, all HIV/AIDS patients in the present study, except for two patients (9%), received TMP-SMX as the first-line treatment. The main predictor of failure was poor CD4 cell recovery or no increase in the CD4 count after TMP/SMX. Castro et al reported that failure of PJP treatment with TMP/SMX occurs in up to 20% of the patients ([@B22]). *P. jirovecii* cannot be cultured; therefore, no data on drug resistance is available. However, point mutations in the dihydropteroate synthetase (DHPS) gene are associated with TMP-SMX resistance ([@B23]).

Although opportunistic infections such as *P. jirovecii* have been reported in malnourished individuals ([@B24], [@B25]), the present study showed that the majority of patients with PJP infection (84.6%) had a normal BMI, as previously reported by other studies ([@B26], [@B27]). However, this finding needs to be evaluated in large randomized trials.

The present study had some limitations. Due to the retrospective nature of the study, we could not evaluate laboratory test results such as the serum level of lactate dehydrogenase, C-reactive protein, and albumin, which could influence the results of PJP.

Conclusion
==========

We found a relatively high prevalence of PJP infection in HIV/AIDS patients in Kermanshah Province. Rapid identification of such individuals may reduce the morbidity and mortality of this disease. Furthermore, molecular techniques are applied as a sensitive method to identify PJP in biological samples and to prevent unnecessary exposure to TMP-SMX. However, further studies are needed for better comprehension of the epidemiology of *Pneumocystis* in the area under study.
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